Introduction
Adsorption is the term that used to describe the metallic or organic materials attaching to an solid adsorbent in low, medium and high coverage as shown in Figure 1 . Wherein, the solid is called adsorbent, the metal ions to being adsorbed called adsorptive, and while bounded to the solid surfaces called adsorbate. In principle adsorption can occur at any solid fluid interface, for examples: (i) gas-solid interface (as in the adsorption of a CO 2 on activated carbon); and (ii) liquid-solid interface (as in the adsorption of an organic or heavy metal ions pollutant on activated carbon). Fig. 1 . a) Low coverage (no attraction between adsorbate metal ion/ molecules, high mobility, disordered). b) Medium coverage (attraction between adsorbate metal ion / molecules, reduced mobility, disordered). c) High coverage (strong attraction between adsorbate atoms/ molecules, no mobility, highly ordered).
we talk about Chemisorption and/ or Physisorption processes. However, the chemisorption is a chemical adsorption in which the adsorption caused by the formation of chemical bonds between the surface of solids (adsorbent) and heavy metals (adsorbate). Therefore, the energy of chemisorption is considered like chemical reactions. It may be exothermic or endothermic processes ranging from very small to very large energy magnitudes. The elementary step in chemisorption often involves large activation energy (activated adsorption). This means that the true equilibrium may be achieved slowly. In addition, high 738 temperatures is favored for this type of adsorption, it increases with the increase of temperatures. For example, materials that contain silica aluminates or calcium oxide such as silica sand, kaolinite, bauxite, limestone, and aluminum oxide, were used as sorbents to capture heavy metals at high temperatures. The adsorption efficiency of the sorbents are influenced by operating temperature [2] [3] [4] [5] [6] [7] . Usually, the removal of the chemisorbed species from the surface may be possible only under extreme conditions of temperature or high vacuum, or by some suitable chemical treatment of the surface. In deed, the chemisorption process depends on the surface area [8] . It too increases with an increase of surface area because the adsorbed molecules are linked to the surface by valence bonds. Normally, the chemi-adsorbed material forms a layer over the surface, which is only one chemisorbed molecule thick, i.e. they will usually occupy certain adsorption sites on the surface, and the molecules are not considered free to move from one surface site to another [9] . When the surface is covered by the monomolecular layer (monolayer adsorption), the capacity of the adsorbent is essentially exhausted. In addition, this type of adsorption is irreversible [10] , wherein the chemical nature of the adsorbent(s) may be altered by the surface dissociation or reaction in which the original species cannot be recovered via desorption process [11] . In general, the adsorption isotherms indicated two distinct types of adsorption-reversible (composed of both physisorption and weak chemisorption) and irreversible (strongly chemisorbed) [10] [11] . On the other hand Physisorption is a physical adsorption involving intermolecular forces (Van der Waals forces), which do not involve a significant change in the electronic orbital patterns of the species [12] . The energy of interaction between the adsorbate and adsorbent has the same order of magnitude as, but is usually greater than the energy of condensation of the adsorptive. Therefore, no activation energy is needed. In this case, low temperature is favourable for the adsorption. Therefore, the physisorption decreases with increase temperatures [13] . In physical adsorption, equilibrium is established between the adsorbate and the fluid phase resulting multilayer adsorption. Physical adsorption is relatively non specific due to the operation of weak forces of attraction between molecules. The adsorbed molecule is not affixed to a particular site on the solid surface, but is free to move about over the surface. Physical adsorption is generally is reversible in nature; i.e., with a decrease in concentration the material is desorbed to the same extent that it was originally adsorbed [14] . In this case, the adsorbed species are chemically identical with those in the fluid phase, so that the chemical nature of the fluid is not altered by adsorption and subsequent desorption; as result, it is not specific in nature. In addition, the adsorbed material may condense and form several superimposed layers on the surface of the adsorbent [15] . Some times, both physisorption and chemisorption may occur on the surface at the same time, a layer of molecules may be physically adsorbed on a top of an underlying chemisorbed layer [16] . In summary, based on the different reversibility and specific of physical and chemical adsorption processes, thermal desorption of the adsorbed sorbent could provide important information for the study of adsorption mechanism.
Factors affecting adsorption
In general, the adsorption reaction is known to proceed through the following three steps [16] :
1. Transfer of adsorbate from bulk solution to adsorbent surface, which is usuallymentioned as diffusion. 2. Migration of adsorbate (Fe 3+ ion, where its ionic radius = 0.064 nm) into pores. 3. Interaction of Fe 3+ ion with available sites on the interior surface of pores. From the previous studies, it was shown that the rate-determining step for the adsorption of Fe 3+ ion is step (3) . Normally, the driving force for the adsorption process is the concentration difference between the adsorbate in the solution at any time and the adsorbate in the solution at equilibrium (C-C e ) [17] . but, there are some important factors affecting adsorption, such as the factors affecting the adsorption of Fe 3+ ions in the aqueous solution:
Surface area of adsorbent
Larger surface area imply a greater adsorption capacity, for example, carbon and activated carbon [18].
Particle size of adsorbent
Smaller particle sizes reduce internal diffusion and mass transfer limitation to penetrate of the adsorbate inside the adsorbent (i.e., equilibrium is more easily achieved and nearly full adsorption capability can be attained). Figure 2 represents the removal efficiency Fe 3+ ions by natural zeolite through three different particle sizes (45, 125 and 250 m). It can be observed that the maximum adsorption efficiency is achieved with particle size 45 m. This is due to the most of the internal surface of such particles might be utilized for the adsorption. The smaller particle size gives higher adsorption rates, in which the Fe 3+ ion has short path to transfer inside zeolite pores structure of the small particle size [19] . Fig. 2 . Percent removal of Fe 3+ ions (1000 ppm) vs. natural zeolite particle size: 1 g adsorbent/ 50 ml Fe 3+ ion solution, initial pH of 1% HNO 3 , and 300 rpm.
Contact time or residence time
The longer residence time means the more complete the adsorption will be. Therefore, the required contact time for sorption to be completed is important to give insight into a sorption process. This also provides an information on the minimum time required for considerable adsorption to take place, and also the possible diffusion control mechanism www.intechopen.com Thermodynamics -Interaction Studies -Solids, Liquids and Gases 740 between the adsorbate, for example Fe 3+ ions, as it moves from the bulk solution towards the adsorbent surface, for example natural zeolite [19] . For example, the effect of contact time on sorption of Fe 3+ ions is shown in Figure 3 . At the initial stage, the rate of removal of Fe 3+ ions using natural quartz (NQ) and natural bentonite (NB) is higher with uncontrolled rate. The initial faster rate may be due to the availability of the uncovered surface area of the adsorbent such as NQ and NB initially [20] . This is because the adsorption kinetics depends on: (i) the surface area of the adsorbent, (ii) the nature and concentration of the surface groups (active sites), which are responsible for interaction with the Fe 3+ ions. Therefore, the adsorption mechanism on both adsorbent has uncontrolled rate during the first 10 minutes, where the maximum adsorption is achieved. Afterward, at the later stages, there is no influence for increasing the contact time. This is due to the decreased or lesser number of active sites. Similar results have been shown in our results using zeolite and olive cake as well as other reported in literatures for the removal of dyes, organic acids and metal ions by various adsorbents [19, 21] . 
Solubility of adsorbent/ heavy metals in wastewater/ water
The slightly soluble metal ions in water will be more easily removed from water(i.e., adsorbed) than substances with high solubility. Also, non-polar substances will be more easily removed than polar substances since the latter have a greater affinity for adsorption.
Affinity of the solute for the adsorbent
If the surface of adsorbent is slightly polar, the non-polar substances will be more easily picked up by the adsorbent than polar ones (the opposite is correct).
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Degree of ionization of the adsorbate molecule
More highly ionized molecules are adsorbed to a smaller degree than neutral molecules.
pH
The degree of ionization of a species is affected by the pH (e.g., a weak acid or a weak basis). This, in turn, affects adsorption. For example, the precipitation of Fe 3+ ions occurred at pH greater than 4.5 (see Figure 4 ). The decrease in the Fe 3+ ions removal capacity at pH > 4.5 may have been caused by the complexing Fe 3+ ions with hydroxide. Therefore, the removal efficiency increases with increasing initial pH. For example, at low pH, the concentration of proton is high. Therefore, the positively charged of the Fe 3+ ions and the protons compete for binding on the adsorbent sites in Zeolite, Bentonite, Quartz, olive cake, Tripoli in which, this process decrease the uptake of iron ions. The concentration of proton in the solution decrease as pH gradually increases in the ranges from 2 to 4.5. In this case, little protons have the chance to compete with Fe 3+ ions on the adsorption sites of the olive cake. Thus, higher pH in the acidic media is facilitated the greater uptake of Fe 3+ ions. Above pH 4.5, the removal efficiency decreases as pH increases, this is inferred to be attributable to the hydrolysis [19] [20] [21] [22] . 
Effect of initial concentration
At high-level concentrations, the available sites of adsorption become fewer. This behaviour is connected with the competitive diffusion process of the Fe 3+ ions through the micro-channel and pores in NB [20] . This competitive will lock the inlet of channel on the surface and prevents the metal ions to pass deeply inside the NB, i.e. the adsorption occurs on the surface only. These results indicate that energetically less favorable sites by increasing metal concentration in aqueous solution. This results are found matching with our recently studies using natural zeolite [19] and olive cake [21] , in addition to other reported by Rao et al. [23] and Karthikeyan et al. [24] . The removal efficiency of Fe 3+ ions on NQ and NB as well as zeolite at different initial concentrations (50, 100, 200, 300 and 400 ppm) is shown in the Figures 5-6. It is evident from the figure that the percentage removal of Fe 3+ ions on NQ is slightly depended on the initial concentration. While the removal efficiency of Fe 3+ ions using NB decreases as the initial concentration of Fe 3+ ions increases. For example, the percentage removal is calculated 98 % using the initial concentration of 50 ppm, while it is found 28 % using high-level of 400 ppm [20] . On the other hand, it is clear from Figure 6 that the removal efficiency of Fe 3+ ions using NQ is less affected by the initial concentration. For instance, the percentage removal using 50 ppm of the initial concentration is found 35 %, while is found 34.9 % using high-level concentrations (400 ppm). This means that the high concentration of Fe 3+ ions will create and activate of some new activation sites on the adsorbent surface [20, 25] . 
Dosage effect
The removal efficiency is generally increased as the concentration dose increases over these temperature values. This can be explained by the fact that more mass available, more the contact surface offered to the adsorption. The effect of the Jordanian Natural Zeolite (JNZ) dosage on the removal of Fe 3+ ions is shown in Figure 6 [19] . The adsorbent dosage is varied from 10 to 40 g/l. The initial Fe 3+ ions concentration, stirrer speed, initial pH and temperature are 1000 ppm, 300 rpm, 1% HNO 3 , and 30 ºC, respectively. This figure shows that the maximum removal of 69.15 % is observed with the dosage of 40 g/l. We observed that the removal efficiency of adsorbents generally improved with increasing amount of JNZ. This is expected because the higher dose of adsorbent in the solution, the greater availability of exchangeable sites for the ions, i.e. more active sites are available for binding of Fe 3+ ions. Moreover, our recent studies using olive cake, natural quartz and natural bentonite and tripoli [19] [20] [21] [22] are qualitatively in a good agreement with each other and with those found in the literatures [26] . 
Adsorption operation
Adsorption from solution is usually conducted using either the column or the batch operation. It should be possible to characterize the solution -adsorbent system by both technique operations and arrive at the same result. This is due to the physical and/or chemical forces applicable in each case must be identical. Furthermore, the results obtained from the batch experiment should be somewhat more reliable. Among the most serious objections of the column experiments are: (1)the inherent difficulties associated to maintain a constant flow rate;
(2) the difficulty of ensuring a constant temperature throughout the column; (3) the appreciable probability of presence the channels within the packed column; and (4) the relatively large expenditure both in time and manpower required for a column experiment.
Batch operation
In a batch operation, fixed amount of adsorbent is mixed all at once with specific volume of adsorbate (with the range of initial concentration). Afterwards, the system kept in agitation for a convenient period of time. Separation of the resultant solution is accomplished by filtering, centrifuging, or decanting. The optimum pH, contact time, agitation speed and optimum temperature are fixed and used in this technique. For instance, the contact time study, the experiment are carried out at constant initial concentration, agitation speed, pH, and temperature. During the adsorption progress, the mixture container must be covered by alumina foil to avoid the evaporation. The samples are withdrawn at different time intervals, for example, every 5 minuets or every 15 minutes. The uptake of heavy metal ions was calculated from the mass balance, which was stated as the amount of solute adsorbed onto the solid. It equal the amount of solute removed from the solution. Mathematically can be expressed in equation 1 [27] :
Heavy metal ions concentration adsorbed on adsorbent at equilibrium (mg of metal ion/g of adsorbent). 
Where ν is the initial volume of metal ions solution used (L) and m is the mass of adsorbent. The percent adsorption (%) was also calculated using equation 3:
Column operation
In a column operation, the solution of adsorbate such as heavy metals (with the range of initial concentration) is allowed to percolate through a column containing adsorbent (ion exchange resin, silica, carbon, etc.) usually held in a vertical position. For instance, column studies were carried out in a column made of Pyrex glass of 1.5 cm internal diameter and 15 cm length. The column was filled with 1 g of dried PCA by tapping so that the maximum amount of adsorbent was packed without gaps. The influent solution was allowed to pass through the bed at constant flow rate of 2 mL/min, in down flow manner with the help of a fine metering valve. The effluent solution was collected at different time intervals. The breakthrough adsorption capacity of adsorbate (heavy metal ions) was obtained in column at different cycles using the equation 4 [28] .
Where Ci and Ce denote the initial and equilibrium (at breakthrough) of heavy metal ions concentration (mg/L) respectively. bv was the breakthrough volume of the heavy metal ions solution in liters, and m was the mass of the adsorbent used (g). After the column was exhausted, the column was drained off the remaining aqueous solution by pumping air. The adsorption percent is given by equation 5.
Thermodynamic and adsorption isotherms
Adsorption isotherms or known as equilibrium data are the fundamental requirements for the design of adsorption systems. The equilibrium is achieved when the capacity of the adsorbent materials is reached, and the rate of adsorption equals the rate of desorption. The theoretical adsorption capacity of an adsorbent can be calculated with an adsorption isotherm. There are basically two well established types of adsorption isotherm the Langmuir and the Freundlich adsorption isotherms. The significance of adsorption isotherms is that they show how the adsorbate molecules (metal ion in aqueous solution) are distributed between the solution and the adsorbent solids at equilibrium concentration on the loading capacity at different temperatures. That mean, the amount of sorbed solute versus the amount of solute in solution at equilibrium.
Langmuir adsorption isotherm
Langmuir is the simplest type of theoretical isotherms. Langmuir adsorption isotherm describes quantitatively the formation of a monolayer of adsorbate on the outer surface of the adsorbent, and after that no further adsorption takes place. Thereby, the Langmuir represents the equilibrium distribution of metal ions between the solid and liquid phases [29] . The Langmuir adsorption is based on the view that every adsorption site is identical and energically equivalent (thermodynamically, each site can hold one adsorbate molecule).
The Langmuir isotherm assume that the ability of molecule to bind and adsorbed is independent of whether or not neighboring sites are occupied. This mean, there will be no interactions between adjacent molecules on the surface and immobile adsorption. Also mean, trans-migration of the adsorbate in the plane of the surface is precluded. In this case, the Langmuir isotherms is valid for the dynamic equilibrium adsorption  desorption processes on completely homogeneous surfaces with negligible interaction between adsorbed molecules that exhibit the form:
C e = The equilibrium concentration in solution q e = the amount adsorbed for unit mass of adsorbent Q and b are related to standard monolayer adsorption capacity and the Langmuir constant, respectively.
q max = is the constant related to overall solute adsorptivity (l/g). Equation 6 could be re-written as:
In summary, the Langmuir model represent one of the the first theoretical treatments of non-linear sorption and suggests that uptake occurs on a homogenous surface by monolyer sorption without interaction between adsorbed molecules. The Langmuir isotherm assumes that adsorption sites on the adsorbent surfaces are occupied by the adsorbate in the solution. Therefore the Langmuir constant (b) represents the degree of adsorption affinity the adsorbate. The maximum adsorption capacity (Q) associated with complete monolayer cover is typically expressed in (mg/g). High value of b indicates for much stronger affinity of metal ion adsorption. The shape of the isotherm (assuming the (x) axis represents the concentration of adsorbing material in the contacting liquid) is a gradual positive curve that flattens to a constant value.
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A plot of C e /q e versus C e gives a straight line of slope 1/ q max and intercept 1/(q max ×b), for example, as shown in Figure 4 . The effect of isotherm shape is discussed from the direction of the predicting whether and adsorption system is "favorable" or "unfavorable". Hall et al (1966) proposed a dimensionless separation factor or equilibrium parameter, R L , as an essential feature of the Langmuir Isotherm to predict if an adsorption system is "favourable" or "unfavourable", which is defined as [30]:
C i = reference fluid-phase concentration of adsorbate (mg/l) (initial Fe 3+ ions concentration) b = Langmuir constant (ml mg −1 ) Value of R L indicates the shape of the isotherm accordingly as shown in Table 1 below. For a single adsorption system, C i is usually the highest fluid-phase concentration encountered. 
Freundlich adsorption isotherms
Freundlich isotherm is commonly used to describe the adsorption characteristics for the heterogeneous surface [31] . It represents an initial surface adsorption followed by a condensation effect resulting from strong adsorbate-adsorbate interaction. Freundlich
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Thermodynamics Approach in the Adsorption of Heavy Metals 747 isotherm curves in the opposite way of Langmuir isotherm and is exponential in form. The heat of adsorption, in many instances, decreases in magnitude with increasing extent of adsorption. This decline in heat is logarithmic implying that the adsorption sites are distributed exponentially with respect to adsorption energy. This isotherm does not indicate an adsorption limit when coverage is sufficient to fill a monolayer (θ = 1). The equation that describes such isotherm is the Freundlich isotherm, given as [31] :
K f = Freundlich constant related to maximum adsorption capacity (mg/g). It is a temperature-dependent constant. n = Freundlich contestant related to surface heterogeneity (dimensionless). It gives an indication of how favorable the adsorption processes. With n = 1, the equation reduces to the linear form: q e = k × C e The plotting q e versus C e yield a non-regression line, which permits the determination of (1/n) and K f values of (1/n) ranges from 0 to 1, where the closer value to zero means the more heterogeneous the adsorption surface. On linearization, these values can be obtained by plotting (ln q e ) versus (ln C e ) as presented in equation 11. From the plot, the vales K f and n can be obtained.
ln q e = ln K f + (1/n)ln C e (11) where, the slop = (1/n), and the intercept = ln K f
Dubinin-kaganer-radushkevich (DKR)
The DKR isotherm is reported to be more general than the Langmuir and Freundlich isotherms. It helps to determine the apparent energy of adsorption. where m X is the maximum sorption capacity, β is the activity coefficient related to mean sorption energy, and ε is the Polanyi potential, which is equal to
where R is the gas constant (kJ/kmol-K) . The slope of the plot of ln e q versus ε 2 gives β (mol 2 /J 2 ) and the intercept yields the sorption capacity, Xm (mg/g) as shown in Fig. 6 . The values of β and Xm, as a function of temperature are listed in table 1 with their corresponding value of the correlation coefficient,
It can be observed that the values of β increase as temperature increases while the values of Xm decrease with increasing temperature. The values of the adsorption energy, E, was obtained from the relationship [33] 
Thermodynamics parameters for the adsorption
In order to fully understand the nature of adsorption the thermodynamic parameters such as free energy change (Gº) and enthalpy change (Hº) and entropy change (Sº) could be calculated. It was possible to estimate these thermodynamic parameters for the adsorption reaction by considering the equilibrium constants under the several experimental conditions. They can calculated using the following equations [34] :
The K d value is the adsorption coefficient obtained from Langmuir equation. It is equal to the ratio of the amount adsorbed (x/m in mg/g) to the adsorptive concentration (y/a in mg/dm 3 )
These parameters are obtained from experiments at various temperatures using the previous equations. The values of Hº and Sº are determined from the slop and intercept of the linear plot of (ln K d ) vs.
(1/T).
In general these parameters indicate that the adsorption process is spontaneous or not and exothermic or endothermic. The standard enthalpy change (Hº) for the adsorption process is: (i) positive value indicates that the process is endothermic in nature. (ii) negative value indicate that the process is exothermic in nature and a given amount of heat is evolved during the binding metal ion on the surface of adsorbent. This could be obtained from the plot of percent of adsorption (% C ads ) vs. Temperature (T). The percent of adsorption increase with increase temperature, this indicates for the endothermic processes and the opposite is correct [35] . The positive value of (Sº) indicate an increase in the degree of freedom (or disorder) of the adsorbed species.
Motivation for the removal and sorption Fe 3+ ions
In practice form recent studies, the natural zeolite [19] , activated carbon [36] , olive cake [21] , quartz and bentonite [20] and jojoba seeds [37] are used as an adsorbent for the adsorption of mainly trivalent iron ions in aqueous solution. The Motivation for the removal and sorption Fe 3+ ions is that iron ions causes serious problems in the aqueous streams especially at high levels concentration [38 -39] . Usually, the iron ions dissolve from rocks and soils toward the ground water at low levels, but it can occur at high levels either through a certain geological formation or through the contamination by wastes effluent of the industrial processes such as pipeline corrosion, engine parts, metal finishing and galvanized pipe manufacturing [40 -41] . The presence of iron at the high-levels in the aqueous streams makes the water in unusable for an several considerations: Firstly, Aesthetic consideration such as discoloration, the metallic taste even at low concentration (1.8 mg/l), odor, and turbidity, staining of laundry and plumbing fixtures. Secondly, the healthy consideration where the high level of iron ions precipitates as an insoluble Fe 3+ -hydroxide under an aerobic conditions at neutral or alkaline pH [42] . This can generate toxic derivatives within the body by using drinking water and can contribute to disease development in several ways. For instance, an excessive amounts of iron ions in specific tissues and cells (iron-loading) promote development of infection, neoplasia, cardiomyopathy, arthropathy, and various endocrine and possibly neurodegenerative disorders. Finally, the industrial consideration such as blocking the pipes and increasing of corrosion. In addition to that, iron oxides promote the growth of microorganism in water which inhibit many industrial processes in our country [43] . In response to the human body health, its environmental problems and the limitation water sources especially in Jordan [44] , the high-levels of Fe 3+ ions must be removed from the aqueous stream to the recommended limit 5.0 and 0.3 ppm for both inland surface and drinking water, respectively. These values are in agreement with the Jordanian standard parameters of water quality [45] . For tracing Fe 3+ ions into recommended limit, many chemical and physical processes were used such as supercritical fluid extraction, bioremediation, oxidation with oxidizing agent [46] . These techniques were found not effective due to either extremely expensive or too inefficient to reduce such high levels of ions from the large volumes of water [47 -48] . Therefore, the effective process must be low cost-effective technique and simple to operate [49 -52] . It found that the adsorption process using natural adsorbents realize these prerequisites. In addition to that, the natural adsorbents are environmental friend, existent in a large quantities and has good adsorption properties. The binding of Iron(III) ion with the surface of the natural adsorbent could change their forms of existence in the environment. In general they may react with particular species, change oxidation states and precipitate [53] . In spite of the abundant reported researches in the adsorption for the removal of the dissolved heavy metals from the aqueous streams, however the iron(III) ions still has limited reported studies. Therefore our studies are concentrated in this field. From our previous work, the natural zeolite [19] , quartz and Bentonite [20] , olive cake [21] , in addition to the chitin [24], activated carbon [54 -55] and alumina [56] have been all utilized for this aspect at low levels. The adsorption isotherm models (Langmuir and Freundlich) are used in order to correlate the experimental results.
Sorption Fe 3+ ions using natural quartz (NQ) and bentonite (NB))
It is known from the chemistry view that surface of NB and NQ is ending with (Si-O)  negatively charged. These negative entities might bind metal ions via the coordination aspects especially at lower pH values as known in the literatures. Fe 3+ ions are precipitated in the basic medium. Therefore, the 1 % HNO 3 stock solution is used to soluble Fe 3+ ions and then achieving the maximum adsorption percentages [20] . The binding of metal ions might be influenced on the surface of NB more than NQ. This is due to the expected of following ideas: (i) NQ have pure silica entity with homogeneous negatively charged, therefore the binding will be homogeneous. (ii) The natural bentonite has silica surface including an inner-layer of alumina and iron oxide, which cause a heterogeneous negatively charged. Therefore, the binding Fe 3+ ions on the surface on NB might be complicated.
The adsorption thermodynamics modelsof Fe 3+ ions on NQ and NB at 30 ºC are examined [20] . The calculated results of the Langmuir and Freundlich isotherm constants are given in isotherms.It can also be seen that the max q and the adsorption intensity values of NB are higher than that of NQ. The calculated b values indicate the interaction forces between NB surface and Fe 3+ ions are stronger than in case of using NQ, this is in agreement with the higher ionic potential of Fe 3+ . This means that the NB is more powerful adsorbent than NQ. Furthermore, based on this information, we found that the adsorption using NQ and NB is much higher as compared to carbon used by other authors [57] . The obtained experimental data also has well described by Freundlich isotherm model into both NQ and NB. The negative value of Gº (-13.4 and -13.9 KJ/mol, respectively) confirms the feasibility of the process and the spontaneous nature of adsorption with a high preference for metal ions to adsorb onto NB more easily than NQ in pseudo second order rate reaction. 
Sorption isotherms of Fe 3+ ions processes using Jordanian natural zeolite (JNZ)
Isotherm studies are conducted at 30 ºC by varying the initial concentration of Fe 3+ ions [19] . Representative initial concentration (1000, 800, 600, 400 ppm) of Fe 3+ ions are mixed with slurry concentrations (dose) of 20g/L for 150 min., which is the equilibrium time for the zeolite and Fe 3+ ions reaction mixture. The equilibrium results are obtained at the 1% HNO 3 model solution of Fe 3+ ions. The Langmuir isotherm model is applied to the experimental data as presented in Figure 7 . Our experimental results give correlation regression coefficient, 2 R , equals to 0.998, which are a measure of goodness-of-fit and the general empirical formula of the Langmuir model by Our results are in a good qualitatively agreements with those found from adsorption of Fe 3+ on the palm fruit bunch and maize cob [58] . Figure 8 represents the fitting data into the Freundlich model. We observe that the empirical formula of this model is found as ln 0.1058ln 1.2098 ee qc   with 2 R value equals to 0.954. It can be seen that the Langmuir model has a better fitting model than Freundlich as the former have higher correlation regression coefficient than the latter. The value of standard Gibbs free energy change calculated at 30 C is found to be -16.98 kJ/mol. The negative sign for 0 G  indicates to the spontaneous nature of Fe 3+ ions adsorption on the JNZ. Fig. 8 . Freundlich isotherm plot of ln q e vs. ln C e , where C e is the equilibrium concentration of Fe 3+ ions concentration.
Sorption isotherms of Fe 3+ ions processes using olive cake.
To conduct the isotherm were studied at the initial pH of solution which was adjusted at the optimum value (pH = 4.5) and the mass of olive cake which was taken as 0.3, 0.5, 0.75 and 1.0 g at different temperatures of 28, 35 and 45 ºC. Three adsorption isotherms models were used: Langmiur, Frendulich and Dubinin-Kaganer-Radushkevich (DKR) [21] . Figure 9 shows the experimental data that were fitted by the linear form of Langmiur model, (C e / q e ) versus C e , at temperatures of 28, 35 and 45 0 C. The values of max q and b were evaluated www.intechopen.com
Thermodynamics Approach in the Adsorption of Heavy Metals 753 from the slope and intercept respectively for the three isothermal lines. These values of max q and b are listed in Table 1 with their uncertainty and their regression coefficients, R 2 . Table 3 shows that the values of q max and b are decreased when the solution temperature increased from 28 to 45 0 C. The decreasing in the values of q max and b with increasing temperature indicates that the Fe 3+ ions are favorably adsorbed by olive cake at lower temperatures, which shows that the adsorption process is exothermic. In order to justify the validity of olive cake as an adsorbent for Fe 3+ ions adsorption, its adsorption potential must be compared with other adsorbents like eggshells [59] and chitin [24] used for this purpose. It may be observed that the maximum sorption of Fe 3+ ions on olive cake is approximately greater 10 times than those on the chitin and eggshells. The Freundlich constants f K and n, which respectively indicating the adsorption capacity and the adsorption intensity, are calculated from the intercept and slope of plot ln e q versus ln e C respectively, as shown in Figure 10 . These values of f K and n are also listed in Table 3 with their regression coefficients. It can be observed that the values of f K are decreased with increasing the temperature of solution from 28 to 45 0 C. The decreasing in these values with temperature confirms also that the adsorption process is exothermic. It can be also seen that the values of 1/n decreases as the temperature increases. Our experimental data of values f K and 1/n are considered qualitatively consistence with those that found in adsorption of Fe 3+ ions on eggshells [59] and chitin [24] . The negative value of 0 ΔG (Table 4) ΔS are found to be -10.83 kJ/mol and 19.9 J/mol-K, respectively (see Table 4 ). The negative values of 0 ΔH indicate and exothermic sorption reaction process. The positive value of 0 ΔS shows the increasing randomness at the solid/liquid interface during the sorption of Fe 3+ ions onto olive cake. Table 3 . Langmuir, Freundlich and DKR constants for adsorption of Fe 3+ ions on olive cake Table 4 . Thermodynamics parameters for the adsorption of Fe 3+ ions on olive cake.
Sorption isotherms of Fe 3+ ions processes using chitosan and cross-linked chitosan beads
A batch adsorption system was applied to study the adsorption of Fe 2+ and Fe 3+ ions from aqueous solution by chitosan and cross-linked chitosan beads [60 -61] . The adsorption capacities and rates of Fe 2+ and Fe 3+ ions onto chitosan and cross-linked chitosan beads were evaluatedas shown in Figure 11 . Experiments were carried out as function of pH, agitation period, agitation rate and concentration of Fe 2+ and Fe 3+ ions. Langmuir and Freundlich adsorption models were applied to describe the isotherms and isotherm constants. Equilibrium data agreed very well with the Langmuir model. The calculated results of the Langmuir and Freundlich isotherm constants are given in Table  5 . It is found that the adsorptions of Fe 2+ and Fe 3+ ions on the chitosan and cross-linked chitosan beads correlated well (R>0.99) with the Langmuir equation as compared to the Freundlich equation under the concentration range studied. Fig. 11 . Adsorption isotherms of Fe 3+ ions on chitosan and cross-linked chitosan beads. chitosan, chitosan-GLA and chitosan-ECH bead Table 5 . Langmuir and Freundlich isotherm constants and correlation coefficients Table 6 lists the calculated results. Based on the effect of separation factor on isotherm shape, the R L values are in the range of 0<R L <1, which indicates that the adsorptions of Fe 2+ and Fe 3+ ions on chitosan and cross-linked chitosan beads are favourable. Thus, chitosan and cross-linked chitosan beads are favourable adsorbers. As mentioned earlier, chitosan and cross-linked chitosan beads are microporous biopolymers, therefore pores are large enough to let Fe 2+ and Fe 3+ ions through. The mechanism of ion adsorption on porous adsorbents may involve three steps [60 -61] : (i) diffusion of the ions to the external surface of adsorbent; (ii) diffusion of ions into the pores of adsorbent; (iii) adsorption of the ions on the internal surface of adsorbent. The first step of adsorption may be affected by metal ion concentration and agitation period. The last step is relatively a rapid process. Table 6 . RL values based on the Langmuir equation
Adsorption of Fe 3+ ions on activated carbons obtained from bagasse, pericarp of rubber fruit and coconut shell
The adsorptions of Fe 3+ ions from aqueous solution at room temperature on activated carbons obtaining from bagasse, pericarp of rubber fruit and coconut shell have been studied [62] . The adsorption behavior of Fe 3+ ions on these activated carbons could be interpreted by Langmuir adsorption isotherm as monolayer coverage. The maximum amounts of Fe 3+ ions adsorbed per gram of these activated carbons were 0.66 mmol/g, 0.41 mmol/g and 0.18 mmol/g, respectively. The mechanism by which the adsorption of Fe 3+ ions onto the activated carbon can be performed after being reduced to Fe 3+ ions [63] . Figures 12 to 14 show the Langmuir plots that have the greatest values of iron adsorption on three types of activated carbons. The maximum adsorption at monolayer coverage on bagasse, pericarp of rubber fruit and coconut shellare in the range 0.25 -0.66 mmol/g, 0.11 -0.41 mmol/g and 0.12 -0.19 mmol/g, respectively. The experimental result shows that the amount of iron ion adsorbed on activated carbons decreased with increasing adsorption temperature. This suggested that the adsorption mechanism was physical adsorption, in contrast to chemical adsorption in which the amount of adsorbate adsorbed on an adsorbent increases with increasing adsorption temperature [63]. Study of the temperature dependence on these adsorptions has revealed them to be exothermic processes with the heats of adsorption of about -8.9 kJ/mol, -9.7 kJ/mol and -5.7 kJ/mol for bagasse, pericarp of rubber fruit and coconut shell, respectively. The value of Langmuir isotherm constant for the maximum adsorption at monolayer coverage (X max ) and the heats of adsorption (H ads ) of Fe 3+ ions on three types of activated carbons was summarized in Table 7 .
Raw Materials
X max H ads (KJ/mol) Bagasse 0.66 -8.9
Pericarp of Rubber Fruit 0.41 -9.7
Coconut Shell 0.19 -5.7 Table 7 . The maximum adsorption of iron ion at monolayer coverage (X max ) and the heats of adsorption (H ads ) for iron ion on three types of activated carbons and activation temperature at 600 ºC
Adsorption of Fe 3+ ions on unmodified raphia palm (Raphia Hookeri) fruit endocarp
The adsorption of aqueous Fe 3+ ions onto the surface of Raphia palm fruit endocarp (nut) was studied in a batch system [64 -67]. The influence of initial Fe 3+ ions concentration, temperature and particle size was investigated and the results showed that particle size and temperature affected the sorption rate and that the adsorption was fast with a maximum percentage adsorption of 98.7% in 20 min as initial metal ion concentration was increased.
There is a general decrease in sorption efficiency as the particle size is increased. The increased sorption with smaller particle size means that there is higher external surface area available for adsorption with smaller particle at a constant total mass. Four isotherms; Langmuir, Freundlich, Dubinin-Radushkevich (D-R) and Temkin were used to model the equilibrium sorption experimental data. The sorption process was found to follow chemisorption mechanism. From Dubinin-Radushkevich (D-R) isotherm, the apparent energy of adsorption was 353.55 Kj/mol. The apparent energy shows if the sorption process follows physisorption, chemisorption or ion exchange. It has been reported: 1. Physiasorption processes have adsorption energies <40 Kj/mol 2. Chemisorption processes have adsorption energies > 40 Kj/mol 3. Chemical ion exchange have adsorption energies between 8.0 and 16 Kj/mol 4. Adsorption is physical in nature have adsorption energies <8.0 Kj/mol From the result obtained, the sorption of Fe 3+ ions onto Raphia palm fruit endocarp (nut) was chemisorption process. In order to describe the thermodynamic behaviuor of the sorption of Fe 3+ ion onto Raphia palm fruit endocarp (nut) from aqueous solution, thermodynamic parameters including Gº, Hº, Sº, were evaluated. The value of Hº is negative indicating exothermic process. The standard Gibbs free energy indicates that the the sorption process is spontaneous in nature and also feasible. The decreasing in Gº values with increasing temperature shows a decrease in feasibility of sorption at higher temperature. The activation energy of any reaction process depicts the energy barrier which the reactants must overcome before any reaction could take place. High activation energy to react hence decrease in reaction rate.
Isotherm Constants Fe(III)

Conclusion
High and low concentration level of Fe 3+ ions can be adsorbed on different types of natural adsorbents. This process can be used to remove Fe 3+ ions from aqueous solutions. The thermodynamic isotherms indicate the behavior picture of Fe 3+ ions onto the surface of natural adsorbent as homogenous or heterogeneous monolayer coverage. It depends on the chemical nature of adsorbent surfaces. Mostly, the thermodynamic parameters show the spontaneous and exothermic adsorption processes of Fe 3+ ions onto the surfaces of natural adsorbents, indicating of easier handling.
